Nested case-control (NCC) sampling is widely used in large epidemiological cohort studies for its cost effectiveness, but its data analysis primarily relies on the Cox proportional hazards model. In this paper, we consider a family of linear transformation models for analyzing NCC data and propose an inverse selection probability weighted estimating equation method for inference. Consistency and asymptotic normality of our estimators for regression coefficients are established. We show that the asymptotic variance has a closed analytic form and can be easily estimated. Numerical studies are conducted to support the theory and an application to the Wilms' Tumor Study is also given to illustrate the methodology.
Introduction
introduced the nested case-control (NCC) design, by which along the follow-up of a cohort, subjects with observed failure event are deemed as cases and for each case, controls are randomly selected from the at-risk set at the case's failure time. Then covariates of interest are ascertained for cases and selected controls only. Therefore, NCC studies contain time-to-event information as cohort studies while being cost-effective as case-control studies. There exists an intrinsic connection between the conditional likelihood for matched case-control data and the partial likelihood function for NCC data by the Cox proportional hazards model (Prentice and Breslow 1978; Oakes 1981) . Thus, the Cox proportional hazards model has been extensively used for NCC studies and its theoretical properties have been established using the counting process and martingale theory (Goldstein and Langholz 1992; Borgan et al. 1995, among others) . A more efficient estimator was further developed by Chen (2004) using a kernel-weighted local averaging method. In addition, Samuelsen (1997) proposed an inverse selection probability weighted estimator based on a pseudo-likelihood approach.
For many medical applications, the proportional hazards assumption may be too restrictive. Therefore, alternative models that relax this assumption are useful. For example, the proportional odds model provides a better fit if the hazard functions of two treatment groups converge to the same limit (e.g. Pettitt 1982 Pettitt , 1984 Bennett 1983; Dabrowska and Doksum 1988; Murphy et al. 1997) . In this paper, we consider a class of linear transformation models (Clayton and Cuzick 1985; Bickel et al. 1993; Cheng et al. 1995; Fine et al. 1998) , which can be specified by
where T denotes the survival time; H (·) is an unknown monotone increasing function with H (0) = 0; β is a p-dimensional regression parameter vector; the error term is assumed to follow a known continuous distribution independent of covariate vector Z . Let λ(t) and (t) denote the hazard and cumulative hazard functions for e , respectively. Note that model (1) with (t) = t corresponds to the proportional hazards model and (t) = log(1 + t) corresponds to the proportional odds model. The formulation of linear transformation models provides a unified way of representing a family of semiparametric models and is amenable to development of unified estimation procedures. But one should note that statistical inference of the linear transformation model necessitates the specification of error distribution and the interpretation of regression coefficients β also depends on the distributional assumption. In survival analysis literature, the linear transformation model has been employed as an alternative to the Cox model for case-cohort design (Prentice 1986; Self and Prentice 1988), which is another cost-effective sampling method. For example, Kong et al. (2004) proposed a weighted U-statistics estimation method for the linear transformation model with case-cohort design but their method required censoring distribution being independent of covariates. To relax this restrictive censoring distribution assumption, Lu and Tsiatis (2006) proposed an inverse selection probability weighted estimating equation approach based on the martingale integral representation for the linear transformation model (Chen et al. 2002) . However, to the best of our knowledge, the estimation and inference methods for the linear transformation model under NCC design have not been studied. The contributions of our paper are developing an estimation method for the linear transformation model with NCC data, establishing asymptotic properties of the resulting estimators, and providing a valid inference procedure. In addition, comparing with the simple constant selection probability in case-cohort design, the selection of controls in NCC design is tied to each specific case and the selection probability is much more complicated depending on subjects'
